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Introduction
A Periodic Segmented Waveguide (PSW) is characterized by an array of high index region along the direction of propagation and by a transverse index profile of high index segments which depends on the waveguide fabrication process. Those waveguides are well known to be very interesting for many purpose such as mode tapers or mode filters [1] [2] [3] [4] , they have also been used to achieve efficient nonlinear guided wave interaction using the Quasi Phase Matching (QPM) or Balanced Phase Matching (BPM) schemes [5] [6] [7] that take advantage of a periodic reversal of the nonlinear coefficient associated with such waveguides. More recently, it has been shown that multimode PSW can be a practical support for classical chaos investigation in the geometrical limit [8] . The ray dynamics in the simple and ideal 2D case of a PSW characterized by a transverse gaussian index profile is responsible for the emergence of a genuine chaotic behavior of the ray dynamics which is much more complex than that encountered with the usually considered parabolic index profile [9] [10] [11] . Such a complex behavior is actually comparable to what has already been studied in a periodically perturbed waveguide [12, 13] or more generally, the analysis shows a dynamic that can be found in usual periodically forced nonlinear pendulum. PSW ray dynamics exhibit resonances, frequency locking, as well as a chaotic behavior and as a consequence of this complex aspect of the system, the transit time of rays (e.g. the ray dispersion) in the waveguide is expected to be different as in non segmented waveguide. As observed in previous work [14] , it is shown, here, that the dispersion is determined by the topology of the phase space.
After a description of the system used, numerical results of ray dispersion value for two waveguides configurations will then be discussed and finally, conclusions and perspectives will be drawn.
Dispersion calculation
A schematic representation of a PSW is sketched in figure 1 . The PSW presents a transverse gaussian index profile in the high index segments that is, for example, naturally encountered with the proton exchange technique waveguide fabrication on LiN bO 3 substrate [16] . The duty-cycle of a PSW is usually define as DC = d/Λ and a step index profile is assumed along the propagation direction z as it has been done in previous works [8] [9] [10] . It can be mentioned that a smoother profile will not change qualitatively the results.
Assuming that light wavelength is very small compared to the dimensions of a highly multimode waveguide, ray optics approximation can be used. A ray is define as the path along which light energy is transmitted from one point to another in the optical system with a velocity equal to c/n(x) where c is the speed of light in the vacuum and n(x) is the transverse index profile. In low index segments, the index profile is constant and n(x) = n 2 whereas the index profile of the high index segments is given by :
where w is the width of the waveguide, δn = n 1 − n 2 , n 2 is the substrate index and n 1 is the maximum index induced by the waveguide fabrication process. We consider here dielectric waveguides characterized by a low index contrast δn ≪ 1, which allows us to neglect the reflections of rays at each interfaces.
A ray path in a 2D medium can be described by the following equation in cartesian coordinates [15] :
where, x and z are the transversal and longitudinal coordinates respectively, n(x) is the transverse index profile, β = n (x i ) cos θ i is the invariant of the ray path, x i being the initial position of the ray and θ i being the incident angle of the ray respect to z axis. The ray path can be calculated by analyzing high and low index segments separately and using the law of refraction at each interface. In the low index segment, the solution is trivial and corresponds to a straight line. In the high index segment characterized by a transverse gaussian index profile, the ray equation (2) is now :
in the limit of usual classical assumption δn ≪ 1. Ray paths of a PSW with a gaussian index profile is plotted on figure 2 for two different initial conditions
trajectory oscillate with a period of oscillation Z p whereas the trajectory is a straight line when θ i = 0 • and x i = 0 [17] . It is important to note that the gaussian shape profile makes equation (3) nonlinear with respect to variable x, whereas, for example, for a parabolic index profile, equation
(3) is reduced to a linear equation [8] . For a parabolic PSW, the presence of a linear term in the RHS of equation (3) makes the system analogous to a parametric system [18] . This kind of system can exhibits parametric resonances which are responsible for a ray divergence whatever may be the initial conditions, a feature that has already been study in a previous work [9] .
For a gaussian index PSW, the situation is different because the nonlinear term in the RHS of equation (3) saturates the parametric instability and leads to nonlinear resonances which occur when the segmentation period Λ and the period of ray oscillation Z p are in a rational ratio [8] . The presence of nonlinear resonances makes the ray dispersion behavior more interesting and some results will be shown in the next sections.
Ray dispersion, also often call intermodal dispersion, is caused by the fact that different rays take different times to propagate along different paths from the input to the output of the waveguide. For our purpose, we define the ray dispersion in time ∆t in ps/km as the transit time difference between optical path of the considering ray and the straight ray propagating in the center of the waveguide (see figure 2 ). ∆t is defined by :
where L is the length of the waveguide and ds ≃ √ figure 7 (a) ). Like in the symmetric waveguide, the dispersion value is frozen if initial conditions are taken in a resonance on the Poincaré section but chaotic elsewhere. Figure 9 represents ray dispersion values for two different segmentation periods Λ = 5µm and Λ = 10µm as a function of the index difference δn for a given input condition. Dispersion values seem to be randomly distributed around a mean value and the deviation from the continuous equivalent waveguide model is then much important.
Conclusions and perspectives
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